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REDUCING STREAM INTERRUPTIONS
DURING NETWORK HANDOVER

CROSS REFERENCE TO RELATED
APPLICATION

This disclosure claims the benefit of the priority of U.S.
Provisional Application Ser. No. 61/784,195, filed Mar. 14,
2013 and entfitled “REDUCING STREAM INTERRUP-
TIONS DURING NETWORK HANDOVER”, which is

incorporated herein by reference 1n 1ts entirety.

BACKGROUND

This specification relates to recerving streaming media
while switching between different networks.

Communication networks allow a user of a mobile device
to access mformation. Networks may be arranged in a struc-
ture that includes different layers of networks. The networks
in the different layers differ from each other with respect to
network technologies. The higher layers include network
technologies that cover a large area but have low bandwidth,
while the lower layers include network technologies that have
high bandwidth but cover a small area.

Networks 1n the different layers may overlap each other
such that more than one network may be available at a given
location. A mobile device may be equipped with multiple
interfaces for connecting with different networks. A mobile
device that includes multiple interfaces may require the abil-
ity to switch between the interfaces during the course of a data
transier session when more than one network 1s available at a
given location. A switch between different interfaces to con-
nect with different networks 1s known as a vertical handover.

For example, a location may be within a wireless wide area
network (WWAN), such as a satellite network or cellular
network, and a wireless local area network (WLAN), such as
a Wi-F1 network. A mobile device that includes multiple
wireless 1interfaces may need to switch between the wireless
interfaces to connect with the different wireless networks.
Similarly, a location may be within a wireless network, such
as a cellular network or a Wi1-F1 network, and near a wireline
port, such as an Ethernet port, for connecting with a wireline
network. A mobile device that includes a wireless interface
and a wireline interface may need to switch between the
wireless interface to connect with the wireless network and
the wireline interface to connect with the wireline network.

SUMMARY

A mobile device may include multiple communication
interfaces for switching between different networks. When a
mobile device switches from an old network to a new net-
work, the mobile device may need to establish a connection to
the new network and redirect any ongoing data transfers from
the old network to the new network. During the switch from
the old network to the new network, some data may be
delayed or lost. The delayed or lost data may cause an inter-
ruption 1n the presentation of the data to a user of the mobile
device. This interruption may be significant and undesirable
to a user being presented with streaming media.

In general, one mnovative aspect of the subject matter
described 1n this specification may be implemented 1n meth-
ods for recerving streaming media while switching between
different networks. The mobile device may be connected to a
first network and may be receiving streaming media through
a data connection on a first communication channel between
the mobile device and the first network. While the streaming,
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2

media 1s being recerved through the data connection on the
first communication channel, the mobile device may detect
that a second communication channel between the mobile
device and a second network i1s available. Even though a
second communication channel on a second network 1s avail-
able, the mobile device may maintain the data connection on
the first commumication channel and may continue to receive
the streaming media through the data connection on the first
communication channel. When a user of the mobile device
requests other data, the mobile device may establish a data
connection on the second communication channel for fulfill-
ing the user’s request for other data. While and after the other
data 1s recerved through the data connection on the second
communication channel, the mobile device may maintain the
data connection on the first communication channel and con-
tinue to recerve the streaming media through the data connec-
tion on the first communication channel until all data of the
streaming media has been received or a time period has
clapsed. If the time period has elapsed and data of the stream-
ing media still remains to be received, the mobile device may
establish another data connection on the second communica-
tion channel and redirect the streaming of the media from the
data connection on the first communication channel to the
other data connection on the second communication channel.

In further detail, the methods for receiwving streaming
media while switching between different networks include
receiving a portion of a streaming media through a data con-
nection on a first communication channel between a mobile
device and a first network; and while the portion of the
streaming media 1s being received through the data connec-
tion on the first communication channel: detecting that a
second communication channel between the mobile device
and a second network 1s available, establishing a data con-
nection on the second communication channel, and recerving
data through the second data connection on the second com-
munication channel.

These and other implementations may each optionally
include one or more of the following features. In various
examples, the first network includes a wireless wide area
network, and the second network includes a wireless local
area network. The first communication channel includes a
cellular communication channel, and the second communi-
cation channel includes a Wi-F1 communication channel. The
first network includes a wireless network, and the second
network includes a wireline network. The first communica-
tion channel includes one of a cellular channel or a Wi-Fi
channel, and the second communication channel includes an
Ethernet channel. A data connection includes a TCP connec-
tion. The method further includes while the second commu-
nication channel between the mobile device and the second
network 1s available: maintaining the data connection on the
first communication channel until all of the streaming media
has been received; closing the data connection on the first
communication channel after all of the streaming media has
been recetved; and reducing power provided to a communi-
cation interface of the mobile device that maintained the data
connection on the first communication channel. The method
further includes while the second communication channel
between the mobile device and the second network 1s avail-
able: maintaining the data connection on the first communi-
cation channel for a time period while the portion of the
streaming media 1s being recerved; closing the data connec-
tion on the first communication channel after the time period
has elapsed; and reducing power provided to a communica-
tion interface of the mobile device that maintained the data
connection on the first communication channel. The time
period 1s based on at least one of a transfer data rate of the
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streaming media that 1s being recetved through the data con-
nection on the first communication channel, a number of bits
ol data that has been received between the mobile device and
the first network over a monitored time period, a data type of
the streaming media, or an iput from a user of the mobile
device. The method further includes establishing another data
connection on the second communication channel, and
receiving a remaining portion of the streaming media through
the other data connection on the second communication chan-
nel.

Particular implementations of the subject matter described
in this specification may be implemented to realize one or
more of the following advantages. The mobile device may
maintain a data connection on a communication channel
between the mobile device and the old network to support any
ongoing data transiers over the data connection rather than
immediately redirecting the ongoing data transiers to the
second network. Maintaining the data connection on the com-
munication channel between the mobile device and the old
network to support any ongoing data transters may reduce the
delay 1n transferring data and may reduce data loss. The
interruptions in the presentation of the data to a user of the
mobile device may be reduced, thus enhancing the user’s
overall experience with the mobile device.

The details of one or more implementations of the subject
matter described in this specification are set forth in the
accompanying drawings and the description below. Other
potential features, aspects, and advantages of the subject mat-
ter will become apparent from the description, the drawings,
and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a conceptual diagram of exemplary frameworks
for streaming media while switching between different net-
works.

FIG. 2 1s a flowchart of an example process for streaming,
media while switching between different networks.

FIG. 3 1s a block diagram of an exemplary system for
streaming media while switching between different net-
works.

DETAILED DESCRIPTION

FI1G. 11s a conceptual diagram of an exemplary framework
100 for recerving streaming media while switching between
different networks. In particular, the framework 100 includes
a mobile device 102. The mobile device 102 may include, for
example, handheld computers, tablet computers, personal
digital assistants (PDAs), cellular telephones, smart phones,
enhanced general packet radio service (EGPRS) mobile
phones, media players, e-book readers, or a combination of
any two or more of these data processing devices or other data
processing devices.

The mobile device 102 can communicate with one or more
wireline and/or wireless networks through one or more wire-
line or wireless communication channels. A communication
channel, or channel, may refer to a physical transmission
medium such as a wire, or to a logical connection over a
multiplexed medium such as a radio channel. A channel may
be used to transier data, such as a digital bit stream, from a
sender to a recerver. A channel may have a certain capacity for
transmitting data, typically measured by its bandwidth or its
data rate.

Each communication channel may support one or more
data connections. A data connection 1s a communication ses-
s10n or a semi-permanent connection that 1s established for
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4

transierring data. A data connection may be established using
a connection-oriented communication protocol, such as
Asynchronous Transier Mode (ATM), connection-oriented
Ethernet, Datagram Congestion Control Protocol (DCCP),
Frame Relay, General Packet Radio Service (GPRS), Stream
Control Transmission Protocol (SCTP), and Transmission
Control Protocol (TCP).

In FIG. 1, the mobile device 102 can communicate with a
cellular network through a cellular channel 124 between the
mobile device 102 and a cellular tower transceiver 112. The
cellular tower transcerver 112 can provide wireless commu-
nication over a wide area 114. Similarly, the mobile device
102 can communicate with a local area network through a
Wi-F1 channel 126 between the mobile device 102 and an
access point transceirver 116, such as an 802.11g wireless
access device. The access point transcerver 116 can provide
wireless communication over a local area 118. The mobile
device 102 can communicate over an Fthernet channel 128
using an Ethernet cable connecting the mobile device 102 to
an Ethernet port. The Ethernet channel 128 can provide the
mobile device 102 with access to a wireline network. The
mobile device 102 may be able to communicate with other
networks using different network technologies than those
described above.

FIG. 1 shows examples of a user’s locations at times T1 to
T3 while the mobile device 102 1s recerving data over con-
nections established on communication channels of different
networks. The data may include streaming media. Streaming,
media includes data that 1s constantly recerved by the mobile
device 102 and presented to the user while being delivered to
the mobile device 102 by a provider of the streaming media.
Themobile device 102 can present the streaming media to the
user before the entire streaming media {ile has been transmut-
ted. The terms “streaming” and “to stream™ refer to the pro-
cess ol delivering the streaming media 1 the manner
described. Streaming media may include audio, wvideo,
images, text, or a combination, such as Internet television,
Internet radio, streaming movies, streaming music, live video
and audio streams, video conferencing, live closed caption-
ing, stock tickers, and real-time text.

In an example scenario, the user 1s located within the com-
munication range 114 of the cellular tower transcerver 112 at
time T1. The mobile device 102 1s 1n commumnication with the
cellular tower transceiver 112 through a cellular channel 124.
The mobile device 102 1s receiving streaming media, €.g., a
live football game broadcast over the Internet, over a data
connection established on the cellular channel 124 between
the mobile device 102 and the cellular tower transceiver 112.
The mobile device 102 1s presenting the football game to the
user as the data of the football game 1s being received.

While the mobile device 102 1s streaming the football game
over the cellular channel 124, the user moves to a location
within the communication range 114 of the cellular tower
transceiver 112 and the communication range 118 of the
access point transcerver 116 at time T2. The mobile device
102 detects that a Wi-F1 channel 126 between the mobile
device 102 and the access point transceiver 116 1s available.

As the user moves to the location within the communica-
tion range 118 of the access point transceiver 116, the mobile
device 102 maintains the connection on the cellular channel
124 with the cellular tower transceiver 112 and continues to
stream the football game over the connection on the cellular
channel 124. While still streaming the football game on the
mobile device 102 over the connection on the cellular channel
124, the user accesses a web page to check the scores for other
football games. The mobile device 102 establishes a connec-
tion over the Wi-Fi channel 126 for fulfilling the user’s
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request to access the web page. The mobile device 102
receives the data of the web page over the connection on
Wi-Fi1 channel 126, while continuing to stream the football
game over the connection on cellular channel 124.

The user continues to move until the user reaches a location
near an Ethernet port at time T3. The mobile device 102 1s stall
within the communication range 114 of the cellular tower
transceiver 112 and the communication range 118 of the
access point transceiver 116. The user connects the mobile
device 102 to the Ethernet port using an Ethernet cable. The
mobile device 102 detects that an Ethernet channel 128 1s
available.

As the user i1s connecting the mobile device 102 to the
Ethernet port, the mobile device 102 continues to stream the
tootball game over the connection on the cellular channel 124
and recerves an update of the scores displayed on the web
page over the connection on the Wi-Fi channel 126. To con-
tinue to stream the football game without interruption, the
mobile device 102 maintains the connection on the cellular
channel 124. To receive the update of the scores without
turther delay, the mobile device maintains the connection on
the Wi-F1 channel 126. After recerving the update of the
scores, the mobile device closes the connection on the Wi-Fi
channel 126 and establishes a connection on the Ethernet
channel 128 for recerving future updates of the scores dis-
played on the web page. The mobile device 102 redirects the
data of the web page to the connection on the Ethernet chan-
nel 128. No other connections are open on the Wi-F1 channel
126, so the mobile device 102 reduces power to a Wi-Fi
transcerver in the mobile device 102.

The mobile device 102 continues to stream the football
game over the connection on the cellular channel 124 for
some amount of time while also connected to the Ethernet

port to receive updates to scores over the connection on the
Ethernet channel 128. The mobile device 102 then establishes
a second connection on the Ethernet channel 128 for stream-
ing the football game. The mobile device 102 redirects the
data of the football game to the second connection on the
Ethernet channel 128. Once the mobile device 102 begins
receiving the data of the football game over the second con-
nection on the Ethernet channel 128, the mobile device 102
closes the connection on the cellular channel 124. No other
data connections are open on the cellular channel 124, so the
mobile device 102 reduces power to the cellular transceiver in
the mobile device 102.

In the above example scenario, the redirection of an ongo-
ing data transier from one network to another network 1is
delayed until all of the data 1s recerved or a certain time period
has elapsed. In contrast to immediately redirecting the ongo-
ing data transier, delaying the redirection of the ongoing data
transier may reduce interruptions in the presentation of the
data to a user of the mobile device, and thus may enhance the
user’s overall experience with the mobile device.

FIG. 2 1s a flowchart of an example process 200 for receiv-
ing streaming media while switching between different net-
works. The process 200 can be performed by a mobile device,
¢.g., the mobile device 102 of FIG. 1. Brietly, the process 200
includes receiving a portion of a streaming media through a
data connection on a first communication channel between a
mobile device and a first network, detecting that a second
communication channel between the mobile device and a
second network 1s available, maintaiming the data connection
on the first communication channel, establishing a data con-
nection on the second communication channel, recerving data
through the data connection on the second communication
channel, continue receiving the portion of the streaming
media through the data connection on the first communica-
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6

tion channel, optionally establishing another data connection
on the second communication channel, closing the data con-
nection on the first communication channel, and optionally
receiving a remaining portion of the streaming media over the
other data connection on the second communication channel.

In more detail, the process 200 begins as the mobile device
1s recerving a portion of a streaming media through a data
connection on a first communication channel between the
mobile device and a first network (202). The first network
may include a wireless wide area network, such as a satellite
network or a cellular network, or a wireless local area net-
work, such as Wi-F1. The first communication channel may
be, for example, a satellite channel, a cellular channel, or a
Wi-F1 channel. The data connection may include a TCP con-
nection.

While the mobile device 1s receiving the portion of the
streaming media through the data connection on the first
communication channel, the mobile device detects that a
second communication channel between the mobile device
and a second network 1s available (204). The second network
may be a network 1n a communication network layer lower
than the first network. For example, when the first network
includes a wireless wide area network, the second network
may include a wireless local area network such as a Wi-Fi
network or a wireline network such as an Ethernet network,
and the second communication channel may include a Wi-Fi
channel or an Ethernet channel. When the first network
includes a wireless local area network such as a Wi-F1 net-
work, the second network may include a wireline network
such as an Fthernet network, and the second communication
channel may include an Ethernet channel.

Although the second communication channel may be
available, the mobile device may maintain the data connec-
tion on the first communication channel (206) and may con-
tinue to receive the portion of the streaming media through
the data connection on the first communication channel (208).
The mobile device may determine to maintain the data con-
nection on the first communication channel to continue to
receive the streaming media through the data connection on
the first communication channel 1n response to detecting that
the second communication channel 1s available. In determin-
ing to maintain the data connection on the first communica-
tion channel, the mobile device may determine that the type of
data that 1s being received through the data connection 1s
streaming media. Maintaining the data connection on the first
communication channel may reduce iterruptions to the pre-
sentation of the streaming media to a user of the mobile
device. If the type of data that i1s being recerved through the
data connection 1s not streaming media, the mobile device
may immediately redirect the data that is being received to the
second communication channel.

While recerving the portion of the streaming media through
the data connection on the first communication channel, the
mobile device may establish a data connection on the second
communication channel (210). The data connection may
include a TCP connection. The mobile device may establish
the data connection on the second communication channel in
response to, for example, a new request from the user for data.
The mobile device recerves the data through the data connec-
tion on the second communication channel (212). For
example, while the mobile device 1s streaming and displaying
media to the user, the user may access a web page. In response
to the user accessing the web page, the mobile device estab-
lishes the data connection on the second communication
channel and receives the data associated with the web page
through the data connection on the second communication
channel.
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The mobile device may maintain the data connection on the
first communication channel until all of the streaming media
has been recerved. After all of the streaming media has been
received, the mobile device may close the data connection on
the first communication channel (214). If no other data con-
nections are open on the first communication channel, the
mobile device may reduce power provided to a communica-
tion interface of the mobile device that maintained the data
connection on the first communication channel (216).

The mobile device may maintain the data connection on the
first communication channel until a time period has elapsed.
The time period may be based on a transier data rate of the
streaming media that 1s being transierred over the data con-
nection on the first communication channel. For example, the
time period may be longer for a high data rate, which may
indicate that the mobile device 1s recerving a streaming video.
The time period may be shorter for alow data rate, which may
indicate that the mobile device 1s receiving streaming text.
Thus, if the mobile device 1s presenting a streaming video to
the user, the streaming video may be presented to the user for
a longer period of time before the streaming video 1s redi-
rected to another network, which may reduce interruptions to
the presentation of the streaming video.

The time period for maintaining the connection may be
based on the number of bits of data that has been transferred
between the mobile device and the first network over a moni-
tored time period. The time period may be longer it the
number of bits that has been transferred 1s low over the moni-
tored time period. The time period may be shorter it the
number of bits that has been transferred 1s high over the
monitored time period. For example, if the user’s data usage
indicates that the user 1s approaching an allocated data limiut,
the mobile device may redirect the streaming media to
another network after a short amount of time has elapsed.

The time period may be based on a data type of the stream-
ing media that is being transierred over the data connection on
the first network. For example, the time period may be longer
if the type of data being transferred 1s multimedia data such as
audio or video. The time period may be shorter 11 the type of
data being transterred 1s text data. Thus, 11 the mobile device
1s presenting a streaming video to the user, the streaming
video may be presented to the user for a longer period of time
before the streaming video 1s redirected to another network,
which may reduce interruptions to the presentation of the
streaming video.

The time period may be based on an input from the user of
the mobile device. The mobile device may provide a user
interface by which the user may specity the time period for
maintaining connections to a network when a channel
between the mobile device and another preferred network 1s
available. The user interface may provide the user with vari-
ous options for specitying the time period. For example, the
user interface may allow the user to specity different time
periods for different networks. As another example, the user
interface may allow the user to specity different time periods
for different data types.

After the time period has elapsed, the mobile device may
close the data connection on the first communication channel
(214). If no other data connections are open on the first
communication channel, the mobile device may reduce
power provided to a communication interface of the mobile
device that maintained the data connection on the first com-
munication channel (216). If the mobile device has not
received the entire streaming media, the mobile device may
establish another data connection on the second communica-
tion channel (218) and may recerve a remaiming portion of the
streaming media through the other data connection on the
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second communication channel (220). The other data con-
nection on the second communication channel may include a
TCP connection.

FIG. 3 1s a block diagram showing an exemplary internal
architecture 300 of a mobile device 310 for recerving stream-
ing media while switching between different networks. The
architecture 300 includes a central processing umt (CPU)
301, a random access memory (RAM) 302, a read-only
memory (ROM) 303, a storage medium 304, a display inter-
face 305, and an 1nput interface 306. The CPU 301 processes
the computer 1nstructions that include an operating system or
an application. The RAM 302 includes a volatile memory
device that stores computer 1nstructions and data for process-
ing by the CPU 301. The ROM 303 includes a non-volatile
memory device that stores imvariant low-level systems code
or data for basic system functions such as basic input and
output (I/0), startup, or reception of keystrokes from a key-
board. The storage medium 304 or other switable type of
memory (e.g., such as RAM, ROM, programmable read-only
memory (PROM), erasable programmable read-only
memory (EPROM), electrically erasable programmable
read-only memory (EEPROM), magnetic disks, optical disks,
floppy disks, hard disks, removable cartridges, tlash drlves)
stores files that include an operating system 314, application
programs 3135, and data files 316. The display intertace 3035
provides a communication interface and processing functions
for rendering video, graphics, 1images, and texts in a user
interface. The input interface 306 provides a communication
interface to a stylus, keyboard, and/or other mput device(s)
attached to the mobile device 310.

A computer program product 1s tangibly embodied in the
storage medium 304, a machine-readable storage medium.
The computer program product includes instructions that,
when read by the central processing unit 301, operate to cause
the central processing unit 301 to perform the instructions for
receiving streaming media while switching between different
networks.

The architecture 300 may include multiple communication
interfaces for switching between different networks. Some
examples of communication interfaces include a satellite
transceiver 307, acellular transceiver 308, a Wi-Fi1 transceiver
309, and an Ethernet transceiver 310. The satellite transceiver
307 communicates with a satellite communication network.
The cellular transcerver 308 communicates with a cellular
communication network. The Wi-F1 transceiver 309 commu-
nicates with a wireless local area network. The Ethernet trans-
ceiver 310 communicates with a wireline local area network.
Each communication interface may detect whether a commu-
nication channel 1s available between the interface and a
network transceiver, establish a data connection on the com-
munication channel, and receive data over the data connec-
tion.

A number of implementations have been described. Nev-
ertheless, 1t will be understood that various modifications
may be made without departing from the spirit and scope of
the disclosure. For example, various forms of the tlows shown
above may be used, with steps re-ordered, added, or removed.
Accordingly, other implementations are within the scope of
the following claims.

Embodiments and all of the {functional operations
described 1n this specification may be implemented 1n digital
clectronic circuitry, or 1n computer software, firmware, or
hardware, including the structures disclosed 1n this specifica-
tion and their structural equivalents, or in combinations of one
or more of them. Embodiments may be implemented as one
Or more computer program products, 1.e., one or more mod-
ules of computer program instructions encoded on a com-
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puter readable medium for execution by, or to control the
operation of, data processing apparatus. The computer read-
able medium may be a machine-readable storage device, a
machine-readable storage substrate, amemory device, acom-
position of matter effecting a machine-readable propagated
signal, or a combination of one or more of them. The term
“data processing apparatus” encompasses all apparatus,
devices, and machines for processing data, including by way
of example a programmable processor, a computer, or mul-

tiple processors or computers. The apparatus may include, in
addition to hardware, code that creates an execution environ-
ment for the computer program in question, €.g., code that
constitutes processor firmware, a protocol stack, a database
management system, an operating system, or a combination
of one or more of them. A propagated signal 1s an artificially
generated signal, e.g., a machine-generated electrical, opti-
cal, or electromagnetic signal that 1s generated to encode
information for transmission to suitable recerver apparatus.

A computer program (also known as a program, soitware,
soltware application, script, or code) may be written 1n any
form of programming language, including compiled or inter-
preted languages, and it may be deployed 1n any form, includ-
ing as a stand alone program or as a module, component,
subroutine, or other unit suitable for use 1n a computing
environment. A computer program does not necessarily cor-
respond to a file 1n a file system. A program may be stored in
a portion of a file that holds other programs or data (e.g., one
or more scripts stored in a markup language document), 1in a
single file dedicated to the program 1n question, or in multiple
coordinated files (e.g., files that store one or more modules,
sub programs, or portions of code). A computer program may
be deployed to be executed on one computer or on multiple
computers that are located at one site or distributed across
multiple sites and interconnected by a communication net-
work.

The processes and logic tlows described 1n this specifica-
tion may be performed by one or more programmable pro-
cessors executing one or more computer programs to perform
functions by operating on input data and generating output.
The processes and logic flows may also be performed by, and
apparatus may also be implemented as, special purpose logic
circuitry, €.g., an FPGA (field programmable gate array) or an
ASIC (application specific integrated circuit).

Processors suitable for the execution of a computer pro-
gram 1nclude, by way of example, both general and special
purpose microprocessors, and any one or more processors of
any kind of digital computer. Generally, a processor will
receive instructions and data from a read only memory or a
random access memory or both. The essential elements of a
computer are a processor for performing instructions and one
or more memory devices for storing instructions and data.
Generally, a computer will also include, or be operatively
coupled to recetve data from or transier data to, or both, one
or more mass storage devices for storing data, e.g., magnetic,
magneto optical disks, or optical disks. However, a computer
need not have such devices. Moreover, a computer may be
embedded 1n another device, e.g., a tablet computer, a mobile
telephone, a personal digital assistant (PDA), a mobile audio
player, a Global Positioning System (GPS) receiver, to name
just a few. Computer readable media suitable for storing
computer program instructions and data include all forms of
non-volatile memory, media and memory devices, including,
by way of example semiconductor memory devices, e.g.,
EPROM, EEPROM, and flash memory devices; magnetic

disks, e.g., mnternal hard disks or removable disks; magneto
optical disks; and CD ROM and DVD-ROM disks. The pro-
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cessor and the memory may be supplemented by, or incorpo-
rated 1n, special purpose logic circuitry.

To provide for interaction with a user, embodiments may
be implemented on a computer having a display device, e.g.,
a CRT (cathode ray tube) or LCD (liquid crystal display)
monitor, for displaying information to the user and a key-
board and a pointing device, e.g., a mouse or a trackball, by
which the user may provide iput to the computer. Other
kinds of devices may be used to provide for interaction with
auser as well; for example, feedback provided to the user may
be any form of sensory feedback, e.g., visual feedback, audi-
tory feedback, or tactile feedback; and mnput from the user
may be recerved 1n any form, including acoustic, speech, or
tactile mput.

Embodiments may be implemented 1n a computing system
that includes a back end component, ¢.g., as a data server, or
that includes a middleware component, e.g., an application
server, or that includes a front end component, e.g., a client
computer having a graphical user interface or a Web browser
through which a user may interact with an implementation, or
any combination of one or more such back end, middleware,
or front end components. The components of the system may
be interconnected by any form or medium of digital data
communication, €.g., a communication network. Examples
of communication networks 1nclude a local area network

(“LAN”") and a wide area network (“WAN”), e.g., the Inter-

net.

The computing system may include clients and servers. A
client and server are generally remote from each other and
typically interact through a communication network. The
relationship of client and server arises by virtue of computer
programs running on the respective computers and having a
client-server relationship to each other.

While this specification contains many specifics, these
should not be construed as limitations on the scope of the
disclosure or of what may be claimed, but rather as descrip-
tions of features specific to particular embodiments. Certain
features that are described 1n this specification 1n the context
ol separate embodiments may also be implemented 1n com-
bination in a single embodiment. Conversely, various features

that are described 1n the context of a single embodiment may
also be implemented 1n multiple embodiments separately or
in any suitable subcombination. Moreover, although features
may be described above as acting 1n certain combinations and
even 1nitially claimed as such, one or more features from a
claimed combination may 1n some cases be excised from the
combination, and the claimed combination may be directed to
a subcombination or variation of a subcombination.

Similarly, while operations are depicted 1n the drawings in
a particular order, this should not be understood as requiring
that such operations be performed 1n the particular order
shown or 1n sequential order, or that all illustrated operations
be performed, to achieve desirable results. In certain circum-
stances, multitasking and parallel processing may be advan-
tageous. Moreover, the separation of various system compo-
nents i the embodiments described above should not be
understood as requiring such separation in all embodiments,
and 1t should be understood that the described program com-
ponents and systems may generally be integrated together in
a single software product or packaged into multiple software
products.

Thus, particular embodiments have been described. Other
embodiments are within the scope of the following claims.
For example, the actions recited 1n the claims may be per-
formed 1n a different order and still achieve desirable results.
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What 1s claimed 1s:

1. A computer-implemented method comprising:

while a media stream 1s being recerved through a first data

connection on a first communication channel between a
mobile device and a first network, detecting that a sec-
ond communication channel between the mobile device
and a second network 1s available;

after detecting that the second communication channel 1s

available, establishing a second data connection on the
second communication channel;

while recerving the media stream through the first data

connection on the first communication channel, receiv-
ing, through the second data connection on the second
communication channel, data that 1s not part of the
media stream being recerved through the first data con-
nection on the first communication channel;

after establishing the second data connection on the second

communication channel, delaying redirection of the
media stream to the second communication channel
until a predetermined time period has elapsed; and

in response to determining that the predetermined time

period has elapsed, establishing an additional data con-
nection on the second communication channel and con-
tinuing to receive the media stream through the addi-
tional data connection on the second communication
channel.

2. The method of claim 1, wherein the first network com-
prises a wireless wide area network, and the second network
comprises a wireless local area network.

3. The method of claim 2, wherein the first communication
channel comprises a cellular communication channel, and the
second communication channel comprises a Wi-F1 commu-
nication channel.

4. The method of claim 1, wherein the first network com-
prises a wireless network, and the second network comprises
a wireline network.

5. The method of claim 4, wherein the first communication
channel comprises one of a cellular channel or a Wi-Fi1 chan-
nel, and the second communication channel comprises an
Ethernet channel.

6. The method of claim 1, wherein the first data connection
on the first communication channel comprises a TCP connec-
tion.

7. The method of claim 1, further comprising;

in response to determining that the predetermined time

period has elapsed:

closing the first data connection on the first communi-
cation channel; and

reducing power provided to a communication interface
of the mobile device that maintained the first data
connection on the first communication channel.

8. The computer-implemented method of claim 1, wherein
the first communication channel has a first bandwidth, and the
second communication channel has a second bandwidth that
1s higher than the first bandwidth;

wherein delaying redirection of the media stream to the

second communication channel until the predetermined

time period has elapsed comprises:

alter establishing the second data connection on the
second communication channel, continuing to

recerve the media stream through the first communi-
cation channel that has a lower bandwidth than the
second communication channel until the predeter-
mined time period has elapsed.

10

15

20

25

30

35

40

45

50

55

60

65

12

9. The computer-implemented method of claim 1, turther
comprising;

belore establishing the second data connection on the sec-

ond communication channel, determining a minimum
amount of time for which to maintain the first data con-
nection on the first communication channel and continue
to receive the media stream; and

wherein delaying redirection of the media stream to the

second communication channel until the predetermined

time period has elapsed comprises:

after establishing the second data connection on the
second communication channel, delaying redirection
of the media stream to the second communication
channel for at least the minimum amount of time that
was determined before establishing the second data
connection on the second communication channel.

10. The computer-implemented method of claim 9,
wherein determining the minimum amount of time for which
to maintain the first data connection on the first communica-
tion channel and continue to receive the media stream com-
Prises:

determining the minimum amount of time for which to

maintain the first data connection on the first communi-
cation channel and continue to recerve the media stream,
based on a transfer data rate of the media stream, a
number of bits of data that has been received between the
mobile device and the first network over a monitored
time period, a data type of the media stream, or an input
from a user of the mobile device.

11. The computer-implemented method of claim 1, further
comprising:

alter detecting that the second commumnication channel

between the mobile device and the second network 1s
available and before establishing the second data con-
nection on the second communication channel, deter-
mining whether additional data has been requested by
the mobile device that 1s not part of the media stream
being recerved through the first data connection on the
first communication channel; and

wherein establishing the second data connection on the

second communication channel 1s performed in
response to determining that additional data has been
requested by the mobile device that 1s not part of the
media stream being received through the first data con-
nection on the first communication channel.

12. The computer-implemented method of claim 1, further
comprising determimng that data of the media stream being
received through the first data connection 1s classified as
streaming media;

wherein redirection of the media stream to the second

communication channel until the predetermined time
period has elapsed 1s delayed based on determining that
the data being received through the first data connection
on the first communication channel 1s classified as
streaming media.

13. The computer-implemented method of claim 1, further
comprising;

while (1) the media stream 1s being recerved through the

first data connection on the first communication channel
and (11) data that 1s not part of the media stream being,

received through the first data connection on the first
communication channel 1s being recerved through the
second data connection on the second communication
channel:
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providing a representation of the media stream for out-
put at the mobile device wrrespective of data that 1s
being recerved through the second data connection on
the second channel.

14. The computer-implemented method of claim 13, fur-
ther comprising;:

while (1) the media stream 1s being received through the

first data connection on the first communication channel
and (11) data that 1s not part of the media stream being
received through the first data connection on the first
communication channel 1s being recerved through the
second data connection on the second communication
channel:
providing one or more representations of data that 1s
being recerved through the second data connection on
the second channel for output at the mobile device
irrespective ol whether the media stream 1s being
recerved through the first data connection on the first
communication channel.

15. The computer-implemented method of claim 1, further
comprising;

while the media stream 1s being received through the first

data connection on the first communication channel and

betore establishing the second data connection on the

second communication channel:

providing a representation of the media stream for out-
put at the mobile device.

16. The computer-implemented method of claim 1,

wherein recerving the media stream through the first data

connection on the first communication channel com-

Prises:

receiving, through the first data connection on the first
communication channel, a media stream that repre-
sents one or more portions of a particular media file or
broadcast; and

wherein receiving, through the second data connection on

the second communication channel, data that 1s not part

of the media stream being received through the first data

connection on the first communication channel com-

Prises:

receiving, through the second data connection on the
second communication channel, data that does not
represent one or more portions of the particular media
file or broadcast.

17. A non-transitory computer-readable medium encoded
with a computer program, the program comprising instruc-
tions that when executed by one or more computers cause the
one or more computers to perform operations comprising:

while a media stream 1s being received through a first data

connection on a first communication channel between a
mobile device and a first network, detecting that a sec-
ond communication channel between the mobile device
and a second network 1s available;

after detecting that the second communication channel 1s

available, establishing a second data connection on the
second communication channel;

while recerving the media stream through the first data

connection on the first communication channel, receiv-
ing, through the second data connection on the second
communication channel, data that 1s not part of the
media stream being recerved through the first data con-
nection on the first communication channel;

after establishing the second data connection on the second

communication channel, delaying redirection of the
media stream to the second communication channel
until a predetermined time period has elapsed; and

in response to determining that the predetermined time

period has elapsed, establishing an additional data con-
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nection on the second communication channel and con-

tinuing to recerve the media stream through the addi-

tional data connection on the second communication
channel.

18. The non-transitory computer-readable medium of

claim 17, wherein the first communication channel comprises

a cellular communication channel, and the second communi-

cation channel comprises a Wi-F1 communication channel.
19. The non-transitory computer-readable medium of
claim 17, wherein a data connection comprises a TCP con-
nection; and
wherein establishing the second data connection on the
second communication channel and recerving, through
the second data connection on the second communica-
tion channel, data that 1s not part of the media stream
being recerved through the first data connection on the
first communication channel comprises:
in response to a request for additional data that 1s not part
of the media stream, establishing the second data
connection on the second communication channel
and recerving the additional data through the second
data connection on the second communication chan-
nel while receving the media stream through the first
data connection on the first communication channel.
20. The non-transitory computer-readable medium of
claim 17, wherein the operations further comprise:
in response to determining that the predetermined time
period has elapsed:
closing the first data connection on the first communi-
cation channel; and
reducing power provided to a communication interface
of the mobile device that maintained the first data
connection on the first communication channel.
21. A system comprising;
one or more computers; and
a non-transitory computer-readable medium coupled to the
one or more computers having instructions stored
thereon which, when executed by the one or more com-
puters, cause the one or more computers to perform
operations comprising:
while a media stream 1s being received through a first
data connection on a first communication channel
between amobile device and a first network, detecting
that a second communication channel between the
mobile device and a second network 1s available;
after detecting that the second communication channel
1s available, establishing a second data connection on
the second communication channel;
while recerving the media stream through the first data
connection on the first communication channel,
receiving, through the second data connection on the
second communication channel, data that 1s not part
of the media stream being recerved through the first
data connection on the first communication channel;
after establishing the second data connection on the
second communication channel, delaying redirection
of the media stream to the second communication
channel until a predetermined time period has
clapsed; and
in response to determining that the predetermined time
period has elapsed, establishing an additional data
connection on the second communication channel
and continuing to receive the media stream through
the additional data connection on the second commu-
nication channel.
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